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(54) NEW PRODUCTION OF DIPHOSPHINE OXIDE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject compound 
useful as an intermediate for producing optically active 
phosphine compounds constituting excellent catalysts for 
asymmetric synthesis reactions by treating a specific phosphine 
oxide compound with a base and subsequently dimerizing the 
treated compound with an oxidizing agent. 
SOLUTION: This method for producing a diphosphine oxide 
compound of formula II comprises treating a phosphine oxide 
compound of formula I (R1 is a cycloalkyl, phenyl or the like; R2 
is a lower alkyl or the like; X is a heterogeneous atom: R3 and 
R4 are each H, a halogen or the like) with a base (preferably an 
organic lithium reagent such as lithium alkylamide, or a Grignard 
reagent) preferably in an amount of 1.2-2.0 equivalents and 
subsequently dimerizing the treated compound with an oxidizing 
agent, preferably an oxidizing metal production (preferably iron 
or copper), preferably in an amount of 1.2-2.0 equivalents, 
preferably at -5° C to 15° C. The compound of formula I is 
obtained by reacting a compound of formula ill [M is magnesium 
or the like; Y is a halogen; (n) is 0 or 1] with a phosphinic acid 
chloride of formula IV. 
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o'cerrarFu Mi^x-i 2~i sisnnfiUiEjfcs-ar 

T, TflES (12) TSSn5-77i-;i' (3, 4-* 

d (Dit^m \z2. srnmv)??- —jit ^->7a7 

DV-f h'Ofh7t I < D7 7>M*5W7IT 
U IIT1 2~1 8f$fflJU±Kj£3"&-5d££«k9v ? 
Xi-JU (3, 4-^f|/>y^->7irJW *X7 

F (11) *w«-r*. 

[ft 3 0] 



ecu 



P(OPh) 2 



(12) 



[0 0 3 2] OV>T\ CCO^X 37^ >**5^H (11) 
STHFfcjffiBU -15TCT1. 2^*©U5 L »5A> ? 

COgJf««Sl. 2^*<Z)Hi^b& ©TH 

f n a§ mm 1 3 «c tje * a * * - 1 1 «t 0 a n t -r ^se 

GPH0S0*Jft»*T«jtt?-S d i 
[0 0 3 3] 

(1) 7?SSns^*X7>f ^^Kffc^&lPeo 
Rit^MfrTfc^JilE— iRSC (2) T^^ti^^X^^ 

GPHOS ©#j«+IBI#©«J^ttiLT«*Wlcaa&T# 
[0 0 3 4] 

«T^*Jfi«, «JH«£*W\ #5£W£i¥fn 



^ffiSC^R* 1 H NMR Bruker AM4 0 0 (4 0 0 MHz) 
3, P NMR Bruker AM4 0 0 (1 6 2MHz) 

St£ Yanaco MP- 5 0 0D 

m^tm B*^3t DIP- 4 

iJX^DYh^77^- GLC 

Hewlett Packard 5890-11 



( 9 ) 



12000-16997 
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TSm&fc&u^hif^yj— HPLC 

BsWMftWT LC10AT&SPD10A 
Jf»##T MASS BsL M-80B 



4H 



[0 0 3 5] CUttfil) ^7i-* (3, 4-^5^1/ 
>x*^S/^a:r:jl/) *x;7^ >*3r-> Ke^jsJE (l) 
T^>y^AJtl2. 4g (Sllmmol) ftE3t3P 

HF3 OrnlSJnAfc. *?&**fT> 2KZ>»«JC3 f 4 
-^5 1 lx>^^->ya^E^>if> (9 3. 6g, 46 
5mmol) (*]Rfl:rit*t«) OTHFSS2 0 Oml- 
ft 2. SttlBjfcttTWTU Hfc*«K:T3Rp|HHi»ft 

*X*>K^PU K 1 0 0 g (4 2 3mmol) £ 2 P# 
ffl^^TiTL, MUlzxi 5«r|BfflWft|«Wfc. 
ft, JK)^T7K3 0ml ftfllA3 04HBJl*fU, toTl 
NMlSOml^Ml. 5P#|W«#Lfc. SRX^ 
;i/3 0 0mn:TMJS4^*ifflt, lNi&®15 0 
m 1 , ftftjKI|**^h»J^A»*l 5 0ml, 7k 1 5 
Oml©lT»t, »»tft«flETS*bfc. »6ftfc 
Jgfift WPX> 15 0ml KTjflJIMMPU *CD^- 5 

[0036] mp : 1 2 7 - 1 2 8C 
1 H-NMR (CDC 1, ) : (56. 01 (2H, 
s) , 6. 8 8 (1H, dd, J = l 0. 3, 2 
z) , 7. 08 (1H, dd, J-10. 0Hz), 
7. 18 (1H, ddd, J = 13. 5, 10. 3, 
2. 4Hz) , 7. 4 3 - 7. 4 8 (4H, m) , 7. 
51 (2H, m) , 7. 6 4 - 7. 7 0 (4H, m) 
31 P-NMR (CDC 1, ) : d 2 9. 8 

[0 0 3 7] imHlSM2) z?7x.-)l (3, 4-;*^l/ 

SSSiiffiT* V^y^7A5 1 g (2. lOmol), 
THF (10 Oml) , 30m (ttfttt) £Anit#L 

T^**K:3, 4-^^l/>^^v^a^^:>-tf>4 

05. 9g (2. 02mol) OTHF (2L) ftttft 

S^25-3 Ot:^«%^6»Tft3K»fc. SfiT- 
tt«#L&tfc Mtfc^J-t-JHtl^, -5X21Z 
ft3Lfey7x-WX*'Ji^nM H 5 8 0 g 
(2. 0 5mo 1) ©THF (1 L) »*tf«fc«Tb 

6. *H»^U&»THFt«BE«*U> H«X 
^ (3D, 1N«S (1. 5L) ftJnASt#b& 0 
#tMft4HBU 7jc> h U C7A*»«T 

fit*' (7 4 6. 4 8 g) ft#fc. It^^fiMXfjl/ 
•kDWttftftffVi, tl{t^5 7 4. 9 gt#fc. 

[0 0 3 8] 8 0 % 

mp : 5 5 . 5 *C 



1 H-NMR (CDC 1, 
s ) , 6. 9 0 (1 H, 



16 



) : 6 6 . 0 4 (2 H, 
dd, J = 7. 8, 3. 9H 



10 



z ) , 7. 12-7. 20 ( 5 H, m) , 7. 27- 
7. 31 (4H, m) , 7. 35 ( 1 H, dd, J = l 
3. 6, 1. 3Hz) , 7. 52 ( 1 H, ddd, J = 
14. 7, 8. 0, 1. 5Hz) 
31 P-NMR (CDC 1, ) : 6 1 2. 5 
[0 0 3 9] CUSS^m 5?7x-» (3, 
>ytty7xiJW 7 ^ >^^K (2) 
lLOTOP77^3t!Mgl5. 18g (0. 624 
mol) ftfffDIfc^ rt*ft**fcT«»r*. ^®T 
HF2 Om 1 ftiPAfc^, ^D^>if>9 8. 6 0 g 
(0. 628mol)CDTHF300ml jgJKft^MJP 

-;na©***aiB», gi*«*itec!>»*ftrts««4 

5-50 CgSEC!)«BC!)lS*«»T5 «k o m 3 «r|IB^ 
20 ttTSSTU Hfc3RMBI*aiirM»bfc. ^fci^xx 
;i/ (3, 4 -^^l/>^^-^->^acx;i/) h 

100. 73g (0. 284mol) ©THF3 0 0m 

t i ttTSSTbfco ( zi © t 5 ^t— * 

T*o&. ) 3EK1— »a*fcTWPft|«W-fc. 
JC7K3 Om 1 £3jd*-, «3 0#IB«#r* Eifc«fc Dfll 
»©^U-^-^tt*ft^M»bjEi6ftffihb> MffifcT 
THFftS*Ufc. *ttKie»«fCh;i/X>5 0 Om 

1 , 1 oxmm^mms 0 omi sapa, ^s-c3 0^ 

(7K^t^hU^A4 0 g> 7K5 0 Om 

1) ^D^Mti«m »m»*«fpftffo 

»S4 0 0ml*ffiK 3««c»ftfTofc»> JfeBTTif 
*'>9AT«i|b, »«Eft«EElCT«*LT\ crud 
ey7i-^ (3, 4-/f l//yt+y7i-;» * 
X7^>t*yM 2 0. 3 7 gft#fco crude#: 
iC hJl/X>2 0 Om 1 ftJDAjpJlft*#P$-&fc»5 , C{CT 
40 -Wife, Wfflb&«f»ft»Btb«BEKlTftj»*-a- 
^^chJCctO, y7i-Jl/ (3, 4 -^^l/>> ? ^-^-> 
7x-iW *X7^>t+yF8 0. 5g*#fc, 

[0 0 4 0] 8 8 % 

mp : 1 2 7 - 1 2 8t 

'H-NMR (CDCI3 ) : 56. 01 (2H, 
s) , 6. 88 (1H, dd, J = 10. 3, 2. 4H 
z) , 7. 08 (1H, dd, J = l 0. 0Hz), 
7. 18 (1H, ddd, J = 1 3. 5, 10. 3, 

2. 4Hz) , 7. 4 3 - 7. 4 8 (4H, m) , 7. 
50 5 1 (2 H, m) , 7. 6 4 - 7. 7 0 (4H, m) 



( 10 
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31 P-NMR (CDC 1 3 ) : 6 2 9. 8 

[0041] immrn 4 ] (5,6), c 5 • , 6 • ) 

V7DW7^>40ml (0. 2 8 mo 1 ) StfTH 
F 2 0 Om 1 SJflAfc. *-«T»aiT (ftfitt- 5<C 
) , 1. 7M n-7^UWAMl75 
ml (0. 279mol) £3 0#IWTJ»TL (0-5 

) , JEfc- 5 < CT^J:^2KFP^jS« i b 10 
fee ^Of£Z^h>-K^<T^X£T-l StiTft 

59 L lOtt&S. ) , >?^x— JI/ 

(3, 4-^^l/>^^^S/^n:-;l/) »7^f>t+ 
V-F 7 5. 2 2 g (0. 2 3 3mo 1 ) CDTHF 3 0 0 
mL»15MTlTLfc. CI<7)£#I*fflte- 1 0 
— 5ti:«oT*<o It:-i2tl;Ti5MI^ 

X3©rt»ftS83Wtiftbfc», ifift»-tt 4 
5. 79g (0. 282mol) £ffK9®?K »Th 
;i/X>15 0ml$M, 7k-7KT^T (rtfifist 20 
tteZo ) THF1 SOmL^MfCo ^Ottli^ 
S5n«iattjB2 OTCSTiftbfc, *-7KT*5£^3 

fee ) > *©«as«kiT— HPLCfcj:^ 

J60J|*T**B», THF£«JEfc:T@5&U 10%S 
ffi*j§S5 0 0m 1 > mt^^-U>5 0 0ml ^SP^S 

is*flf±bfc, mimmmmt* 

■ ttSft^?l/>3 0 Om 1 T?fiftttSfffto& 0 W^T 
tSJf £2gif 1 0 Xttttzkfttt lLX3i, *5 0 0 30 
m 1 X 2@<BifeJ*«:ff^ M^^v^ATgm 
JSiSiteElCTgStT, crudeft8 4. 2 5 g$ 
#/co cud e#fC»Kxf L ;i/2 0 0ml £r£P;L, JP^ 

fcioaamt^s 6. 0 8g*#ft, 

[0 0 4 2] iR^ 7 4.8% 
mp : 2 3 0 - 2 3 2t 

1 H-NMR (CDC 1 3 ) : (5 5. 26 (2 H, d, 
J = l. 5Hz), 5. 72 (2H, d, J = l. 6H 40 
z) , 6. 65 (2H, dd, J = 8. 1, 2. 1H 
z) , 6. 77 (2H, dd, J = 14. 1, 8. 1H 
z) , 7. 28-7. 72 (20 H, m) 

31 P-NMR (CDC 1, ) : 6 1 2. 6 
[0 0 4 3] C^M^J5] bfX (3, 5->?*^;i/:7x 

-;W (3, 4-^fl/>s;**5/7x-JW *x:7^ 

lLOTOP77^3i:Mg 2 6. 7 4 g (1. 10m 

on ti, mm*) zmvmv, ft^&mmiz-tw 

»lfco lfTHF2 0mlSMf:t, 1 -ya^:~ 50 



) 4$IM 2000-16997 
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3, 5-v^^;^>if>l 9 9. 41g (1. 0 5m 
o 1 ) COTH F 1 0 0 0ml ^*^*Jn*»L < 

fto»«*rta*«2 5-3 ox:<*>wzt$: 

(3, 4-^fl/>y^v7x-Jl/) 
-M17. 25g (0. 50mol) CDTHF 5 0 0 

5-3 0t;<ev>fcfcScfc3lCil«nFU MtcSfiT— W6 
*$L*to K*»*^tK3 0ml *Jn^.*5J:*3 O^M 

«#-r * £ t k: ck o irai© ^ u - t-;^i^^»tT 

£JS*flMLS1*fc«* SElCTTHFSISbfc. «|& 
KJSMi:h^X>2 0 0 0ml, lN!K*iSSl2 
5 0m 1 ^Jjpx, SIT3 0»|Ha»b 

■*««u BHuomfpessff-pfc, w«g£7jcji£ 

#tMfc2. 4N*»{L^hU^A*»« (5 

0 0ml) *»A*aiT 1 ttllffltttft* #Kfl*JftfE* 

^A*»*4 0 0mlSfflK 3@4tt^hU^A*» 

Sr«EEfclT«*U ■»^9 L ;P«tD2iaiflS»*ff-3 
T, «ift^«l 13 1. 8 3 g^fffco 

[0 0 44] JR^ 7 0 % 
mp : 1 5 4- 1 5 510 

1 H-NMR (CDC 1 3 ) : 6 2. 3 2 ( 1 2 H, 
s) , 6. 02 (2H, s) , 6. 88 ( 1 H, dd, 
J=7. 9, 2. 3Hz) , 7. 07 ( 1 H, dd, J 
= 11. 3, 1. 4Hz) , 7. 19 (2H, bs), 
7. 20-7. 21 ( 1 H, m) , 7. 25-7. 28 

(4H, m) 

31 P-NMR (CDC 1 3 ) : 6 3 0. 3 

[0045] mmm6) (±> - < (5, 6) , 

(5' , 6' ) -t:X (^l/>^*^>) K7x-* 
-2, 2' -SM;W fcfJ* (fcfX (3, 5-z?*7-)]/7 
jl-JI) -fcX7j y^r^-iy F) 

bf;i/7^>10. 8ml (8 2mmol) ROTHF1 

10ml £jp*_fc* flc-iKTTfr^rF 5 < C£7i 
§c ) , 1. 5M n-7*WJWAS$55ml 

(0. 8 2mmol) S3 0^T«TL (0-5°C£ 
T5E»bfco ) , MfC-5t:T*ct^2B*mai^bfc. 
*©«T-fe h>- K^^f 7-f *KT- 1 5tiT»Slb 
(rtSLii- 1 2 1 ) > fcfX (3, 

5 -5?^^7ir;W (3, 4-*?-\s>z?ttz/7 
i-« *X7^f>t*yF2 5. 0g (6 6mmo 

1 ) OTHF 17 5ml »«S 1 5^lTi«Ttfcc CI 
£>£itf*32ate:- 1 0- — 5tCS^ SEfc- 1 2 ( CCT 
4 5»f«LT, U^^AHItlSWfiEbfc. — ^\ [23 

^□77X30rt»ss*i»bfc», iKft«— <k 

7jc$0 13. 4 1 g (83 mm o 1 ) 6tt DKD, ^ 



19 

t h;i/x>4 om i zmx-fco &K*-*"ca*anF (f*j 

IliSttft^ ) THF4 0mUMfco *-7jcT 

-^-^-iCcfcOiP^fco Cf*Ji&tt8 — 1 OtJT±# 
L^Co ) -t©«*aiCT— »IBH»b, HPLCfdit) 
R«©»7S*B», THF£«JBEKTSSU 10% 
*g^7X}g^3 0 0ml, mtt^UyZ 0 0m 1 £iPx_ 

BS*»±bfc. mi»mawtt, 
w\ 7kmumt*^u>i o omi TSfflab>to m* 

«H£iiif£», ftBl 0%*tttt*»*3 OOml^ffl 
^3 0jSfeJtS*lt)igUfctft, *3 0 Om lfCck*«£»* 

«JEE^xe*bfe 0 »aE^7-feh— HU;i/8 Oml SJP 

9. 2g«#ft. 
[0 0 4 6] iR^ 7 7 % 
mp: 256-258t 

1 H-NMR (CD C 1 3 ) : 52. 1 1 ( 1 2 H, 
s) , 2. 30 (12H, s) , 5. 43 (2H, d, 
J = l. 6Hz) , 5. 77 (2H, d, J = l. 6H 
z) , 6. 65 (2H, dd, J = 8. 1, 2. OH 
z) , 6. 92 (2H, dd, J = 14. 0, 8. 1H 
z) , 6. 9 5 (2H, s) , 7. 0 9 (2H, s) , 
7. 14 (4H, d, J = l 2. 2 Hz) , 7. 37 
(4H, d, J = 1 2. 1 Hz) 

31 P-NMR (CDC 1, ) : 6 3 0. 5 
[0 0 4 7] [#0600 7) feT* (.3, 5-^-t-^ 

)V~ h + y7x-iW (3, 4-^^l/>>?^ 

*v^A8. 05g (0. 33mol) drTHF 2 0m 
1*JPA.&. ^*<B3***flnA, »L<«^l/T^* 

3, 5 -v- t -^;i/^>if>8 9. 8 5 g (0. 3 
Orno 1) C9THF 2 0 0mlg^3 5-4 5 < CT2 
W3 0^WTiTbm *«teT3»IBa»K* 
&ic, JK^T^^x— (3, 4-*^ly>>? 
t^y7xZJW *X*t-h 5 0. 6 7 g (0. 14 
mo 1 ) COTHF 16 0ml 3 O^XJP^, £ 

»T— B^#KJSSi*-fc. THFSrWJEKTSSbfc: 

M/^l/>4 0 0mlSMl. 2N£g^7K40 
0mlT2|, 2N*»{tthU^A*^3 0 0ml 
T2@, *3 0 0mlT3i»U SKK^^^^A 

«£EfCT»«E*«56LT, c r u d e # 9 
3. 5 5g$#ft, crudeM^y-itxf 

^iostwi'rscijcio.ko. mmit&%i7 3. 6 
1 g*#fc. 

[0 0 4 8] XK^ 8 5 % 
mp: 163-16 5*C 

'H-NMR (CDC1 3 ) : 6 1. 34 (3 6 H, 



(11) #12 0 0 0- 1 6 9 9 7 
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,3.68 (6H, s) , 6. 02 (2H, s) , 
89 (1H, dd, J=6. 7, 3. 3Hz), 
9 0 - 7. 2 6 (6H, m) 

(CDC 1, ) : 6 3 1 . 9 
C*tttt8) (±) - ( (5, 6) , 
(5' , 6' ) -tfX {*^U>Vjr*i/) \£73L~)V 
-2, 2* -S?-f;W tfX (tfX (3, 5-S?-t-y 



s) 
6. 
6. 

31 P-NMR 
[0 0 4 9] 



10 1 L0=^P77X3©rtai**#TiJ)kLm 

y7DWI/75>2 4ml (0. 17mol) ROTH 
F 1 2 Om 1 £j!jp*_£ 0 7k-ffi (- 5 — OC) T^ifl 
T> 1. 6M n-^;|/iJWA9 8ml (0. 16 
mol) *5 04MBraiTFU 3Efc2Wf|Hffl»bfc. T 
■feh>-F9-f 7-fXfcT-2 OtarWMPU tfX 
(3, 5 - y- t - 7*f^-4 - ^ F + y7x-;W 

yK65. OOg (0. 1 lino 1) CDTHF2 6 Om 
L»*£l l^BBTWTU 1 2tCT3 0 3MW 

20 »LT, U^AK2||*IMIL&. — 2LCDHO 

#1) 26. 73g (0. 17mol) Sff-OfltD MPX 
>7 8ml^M, Sfc-*T?&aiTTHF 7 8mL*JjP 
AAc e fe^3 0^jim ±EI«LfcU?9AK 
3£*#Xxl — ^ — {££9 i 7#[WT2jn*_, ^SfCT— Sfe 
mWVKJt^^fZo THF«£E(lt@SU;iv igffc 

p<^i/>3 5 om i &DU7Lfzo &mm&2 o%mwtJkm 

«3 0 0mlT3@, *3 0 Om 1 T3@ife}$Lfc^ 
Sl7^yOAT»L, igf^MjiHTgiLT, 
30 crude#7 3. 8 5 g$#L h;PX>— 'S+U^ 
«kOW*Sa*ffV^ *Bffc-&4&5 1. 5 9gS#f:. 

[0 0 5 0] iR^ 7 6 % 
mp:154-157 c C 
1 H-NMR (CDC 1 3 ) : 6 1 . 
s) , 1. 3 4 (3 6H, s) , 3. 

(6H, s) , 5. 
7 2 (2 H, 



3 1 (3 6 H, 
6 5 (6H, 
1 5 (2 H, d, . 
d, J = 1. 7H 



d, J = l. 8Hz) , 7. 
7. 4 4 (4H, d, J = 1 
(4H, d, J = 1 2. 7H 



s) , 3. 6 7 
= 1. 7Hz) , 5 
z) , 6. 6 9 (2H, 
6-18 (2H, m) , 
40 2. 2 Hz) , 7. 5 9 
z) 

31 P-NMR (CDC 1, ) : 6 3 0. 2 

[0051] tmmm9) trx (4-t-7f*7xr 

;W (3, 4-*^U>i?*3ris7jL-J\s) *X7-T > 
t+yHoM 

*>"5A8. 39g (0. 35mol) , THF20m 

y*->9A*ffittft*-&fc», l-7n^-4-t-7* 
50 ?;^>if>6 6. 24g (0. 3 1 mo 1 ) ©THF 
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2 10ml mm&3 0-4 5tT2W^TiTL> 

(3, 4-/fl/>y^y7xr;i/) 3isX*t-h5 
0. Olg (0. 1 4mo 1 ) C0THF200ml 

^3 5Mt*tu *aT4Wima^ J Ejea*&. t 

HFS«JEtCT«*Lfc», h;i/X>5 0 Om 1 £in 

2N±g^7jc^?S3 0 Om 1 7? 2 EI, 2 NzKSHL^ h 
U^A*^S3 0 0mlT2(Hl, 7jc2 0 0mlT2 H]gfc 

5©T^nfcfiKtfco c r u d e#: 

6 8. 9g£#& 0 c rudeM2|H^^y-Jl/tT 
*l»a»bTftiM-* - 1 fc«fc 0 , 5 4.2 

1 g&»fc 0 

[0 0 5 2] JR^ 8 9 % 
mp : 2 4 5-2 4 8X: 

'H-NMR (CDC1 3 ) : (51. 31 (18 H, 
s) , 6. 0 1 (2H, s) , 6. 8 9 (1H, d d, 
J = 7. 9, 2. 4Hz), 6. 89 ( 1 H, dd, J 
= 11. 4, 1. 3Hz) , 7. 21 (1H, ddd, 
J = l 2. 5, 7. 9, 1. 4 Hz) , 7. 44-7. 
48 (4H, m) , 7. 56-7. 61 (4H, m) 
31 P-NMR (CD C 1 3 ) : (5 2 9. 6 
[0 0 5 3] immmi 0] (±) - ( (5, 6) , 
(5' , 6' ) -t:X (trU^ttis) K7x-* 
-2, 2' -5*>f;» tfx (tfX (4-t-7f;P7x 

yynt:jl/7^>2 5ml (0. 17 8mol) RtfT 
HF 1 2 5ml ZDUTLtZo (-5-0*0 T?fr2fl 

T, 1. 6M n-WJfWHOml (0. 1 

7 6mol) S3 S^IBTilTFU HfclWIBfflBfcL 
Aco *fCt:X (4-t-7'^7x-;i/) (3, 4 
f^>y^y7x-JW ^7^>^yF5 0. 0 
lg (0. 12mol) ©THF4 0 0mLM^7t 
h>- K^-fT-f X/UHT-2 Or^T^ai^, JifE 
1SL^LDA^8^T«TI> 35tC- 1 5T:JCT3 

h^x>6 0mL^®ofco tftlr 
« (feM£j) 28. 24g (0. 1 7mo 1 ) SfhD® 
D h;Ux>cf3fcJpAfco :&lC*-*T?&2flTTHF 6 0 

THF^ECTSibfcS, «ft^fl/>5 0 0ml 
SSnAfco *t8HS2 0%*»*j$*5 0 Oml x 2H1 

R^7jc4 o om i x 3®«fe}#u war?tf*zsv&*vn 

gl^affllTfSLT, crudeft57. 3 
«BYb&ft3 8. 9 gS#fc 0 
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[0 0 5 4] iR^ 7 6 % 
mp : 203-205 °C 

1 H-NMR (CDC1 3 ) : (51. 22 (18 H, 
s) , 1. 3 2 (1 8H, s) , 5. 2 4 (2H, d, 
J = l. 6Hz), 5. 67 (2H, d, J = l. 5H 
z) , 6. 60 (2H, dd, J=8. 1, 1. 9H 
z) , 6. 60 (2H, dd, J = 14. 1, 8. 1H 
z) , 7. 28 (4H, dd, J=8. 6, 2. 7H 
z) , 7. 43 (4H, dd, J=8. 6, 2. 7H 
10 z) , 7. 6 0 - 7. 7 1 (8H, m) 
31 P-NMR (CDC 1, ) : 6 2 9. 5 

[0 0 5 5] CIHSfllll] tfX (4-^h^^^i- 
;W (3, 4-^fl/>?**5/7ilA) *X:7^> 

?->W9. 76 (0. 4 lmo 1 ) > THFlOml 

Sttft:Stffc«, *#T. 3, 4-;*5Pl/>^^>:/ 
D^E^>if>43. 5ml (0. 36mol)CDTHF 
20 1 1 Oml»«4 2«flBT«TU l*V*T*»Tr 1 «PIB 

7^>i^D7-f Fl0 6g (0. 36mol) C7)TH 
FlOOmlg^l WT«Tb, ^ST-^it^S 
JS^tfcc THF^MECTgiLfci, m\L^Vy 
3 0 0ml$lDX., 1. 2NSK7K»*3 0 0mlX3 
EK ISfn«R**:^hy#A*»tt3 0 Oml X2 023: 
*Jc3 0 0mlX2[l]<Z)StMfi : i/\ S«7^>"JA 
TftflMfc, WEETSEft^l^SBSLT. SUfC^* 
13 0. 7 g (JS#«0 S#fc. 
30 [0 0 5 6] iR* 9 6 % 

'H-NMR (CDC 1 3 ) : (5 3. 84 (6 H, 
s) , 6. 01 (2H, s) , 6. 86 ( 1 H, dd, 
J = 8. 0, 2. 4Hz) , 7. 06 ( 1 H, dd, J 
= 11. 6, 1. 3Hz) , 7. 16 (1H, ddd, 
J = 12. 6, 7. 9, 1. 5Hz) , 6. 93-6. 
9 8 (4H, m) , 7. 5 3 - 7. 6 0 (4H, m) 
31 P-NMR (CDC 1, ) : 6 2 9. 5 

[0057] tmmmi 2] (±) - ( (5, 6) , 

(5 7 , 6' ) -fcfX W9 t U>^**S/) ¥7x.~)V 
40 -2, 2* -^-f;W t:X (tfX (4-^h^>7x- 
;i/) *X7-f>*^F) cd-B^ 

V7 u Db^7^>10 1ml (0. 7 2mol) StfT 
HF 7 5 Om 1 £S0X.*t o (-5-0*0 
~R 1. 6M n-^'Jf'5A4 5 0ml (0. 7 
2mol) S4 0»BT»TL, Hie 3 WIBfflBfcUfc. 
^CiCh*^ (4-^ h^>7iz ;l/) (3, 4-^1/ > 

(0. 36mol) (^THF 6 5 0mligM7th> 
50 - F5-f7-fX;UI:T-4 OtSTJfrSILfcgL LD 
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fee — 3L©H"PP7 9^3(Drt»fea*«*b3t. 

tWtJBz^ft 118. 2 5 g (0. 7 2m 

ol), h;Ux>3 5 0m 1 SfhOffiD, *-7X?&^I 
T, THF 3 5 0mltt^o *ct^-3 0^MJK^b 

aflfcTH(HSt#KJiK*-a-fc. thfs«jbec:t« 
Sim HWfl/>1 5 0 0ml^Mfe o **8J1 
fel. 2NM*i$l 0 0 Om 1 X4@Rtf*l 0 0 
0mlx3@©»$lrK fil"?^y^A« 
^> #«£i*JEfc:Te*U crude#155g«l 

0 1 g 

[0 0 5 8] JR3fS 8 6 % 
mp : 122-124t 

1 H-NMR (CDC 1 3 ) 
s) , 3. 8 2 (6H, s) 

= 1. 6Hz), 5. 77 (2H, d, 
z) , 6. 6 6 (2H, dd, J = 8. 
z), 6. 73-6. 77 (4H, m) 
H, dd, J = l 4. 0, 8. 1Hz) 
6.9 3 (4H, m) , 7. 4 3-7. 
m) , 7. 5 8- 7. 6 4 (4H, m) 
3i P-NMR (CDC 1 3 ) : 529. 5 

[0059] mmmi 3] ^y^u^-»i c (3, 

S>#A 6. 34g (0. 2 6mo 1 ) . TH F 2 0ml 

>30ml (0. 25mol) , THF120mlg$ 
*1^W4 5»7f»T, KEViT*llT3l»IBI«»EJ6S 

64g (0. 26mol) . THF2 4 0mlgKl 

fCTSafe, h^X>4 0 0ml^M, 1. 2Ni£^7jc 
J§^3 0 0ml x 3 UK ttfflftK**^ HJ 9 
3 0 0ml X 2BRlK*3 0 0m 1 X 2lHOi5fe#*ff 

LT, crude#9 4. 3 8gS#&. h;]/X>-/\ 



(5 3. 7 6 (6H, 
5.4 4 (2H, d, J 
J = 1. 5H 
1, 2. OH 
, 7 . 7 9(2 
, 6. 
5 0 



89- 
(4H, 



[0 0 6 0] JR$ 8 2 % 
mp: 138~141t 
1 H-NMR (CDC 1, ) : 6 1. 1 

(10H, m) , 1. 60-1. 70 
1 . 7 4 - 1 . 8 4 (4H, m) , 1 . 

(4H, m) , 6. 0 3 (2H, s) , 
H, dd, J =8. 0, 2. 0Hz) , 



7 . 19gSfl 



7 - 1 . 3 2 
(4H, m) , 
9 6-2. 0 3 
6. 9 1 (1 
6. 0 6 (1 
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H, dd, J=9. 2, 1. 1Hz), 7. 19 (1 

H, ddd, J = 10. 3, 7. 9, 1. 5Hz) 
31 P-NMR (CDC 1, ) : 6 4 6. 0 

[0061] mmmi 4) (±) - ( (5, 6) , 

(5* , 6' ) -tfX (^l^S^^rvO tf7xx;i/ 
-2, 2* -v-f;i/) (^^JO^V'WX?^ 

V7Dt!Jl/7^>5 0ml (0. 3 6mo 1) RtfTH 
10 F 3 0 0mlBOx.^o (-S-O'C) WMH 

T, 1. 6 M n-7^UWA2 2 6ml (0. 
3 6mol) *1WPIB3 O^BBTflJTL, MiC 1 KfM« 
#bfco ^tCv^o^vJl/ ( (3, 4) -*^Vs 
^y7x-iW *X7^>t^>F6 0. 2 7 g 

(0. 18mol) ©THF 3 0 0mlM$7-i:hy 
- H 7-f 7^ 7/U {IT - 4 0 1 ^T^Lfdl> LD 

fzc — 7j\ 3 Lc7)H^Py ^XncDrtgp^r^S^b^: 
ttft*— (*7jc#l) 5 8. 6 9 g (0. 36mo 
20 1) SritOBlO, 3Jc-*T^aiTh^X>l 5 0mU 
THF 1 5 0m 1 £>£^3 0»Mflt*?Ufc 

5febfc^. m\L^Vy \ 5 0 0ml £Jn;Lfco Wttllf 
£ 1 . 2 NffiK*jgJ£ 1 0 0 0 m 1 X 4 10 0 

0m 1 X 3[H«fci*U SIV^y7AT«, 

fb&*3 5 g*#fc. 
[0 0 6 2] iR^ 6 5 % 
30 mp : 2 7 Ot: 

'H-NMR (CDC1 3 ) : (5 1. 12-1. 49 
( 2 0 H, m) , 1 . 6 7 - 1. 8 0 ( 1 6 H, m) , 

I. 94-1. 97 (8 H, m), 5. 85 (2H, 
d, J=l. 7Hz) , 5. 98 (2H, d, J = l. 
6Hz), 6. 81 (2H, dd, J = 8. 1, 3. 0 
Hz), 6. 85 (2H, dd, J = 10. 2, 7. 7 
Hz) 

31 P-NMR (CDC 1 3 ) : 546. 3 
[0 0 6 3] C*Jfi«15] tfX (3, 5-^-t-y 
40 ^7x-Jl/) ( (3, 4) -^5 1 I/>y^y7xr 
;V) ftX7J >3r*i/ 

£2. 27g (0. 0 9 4mo 1 ) , THF 10ml 

t -7fM>f >2 3 . 04g (0. 0 8 5mol) 
©THF 10 0ml mm&3 0-4 5 °CT 1 2 5# 
*^tTJ»Tbfc», MKlT6»|IIIR*a-a-&. 
«T^7x-J!/ (3, 4-/fI/>y^y7xZ 
50 ;W h 1 4 . 4g (0. 0 4 1 m o 1 ) ©T 



: 6 1. 
, 6. 
7. 1 
7. 17 
5Hz) 



2 7 (3 6H, 
8 8 (1 H, dd, 
0 (1H, dd, J 
(1H, ddd, 
7. 4 8 (4 
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HF 6 Om 1 1 SWTiTlftft, SfiT-tl 
JfcElSSiirfc. THF SMElCTf itfcft h;Px> 2 
OOml^M, 2 N*|[tt7lc»«e 1 0 Om 1 X 2 0, 2 
N*BfYt^- h U ^ &7kmm 1 0 0 m 1 x 2 @B:^* 1 0 
OmlX2iO*»tffK SST^y^ATgl 

8. 0 3 g£»fc 0 
[0 0 6 4] JR* 7 2 % 
mp: 14 6-1 49*0 
1 H-NMR (CDC 1 3 ) 
s) , 6. 0 1 (2H, s) 
J = 7. 9, 2. 3Hz) , 
= 11. 3, 1. 5Hz) , 
J = 1 2. 3, 7. 9, 1. 

H, d d, J = 1 2 . 8 , 
7. 5 8 (2H, m) 
31 P-NMR (CDC 1, ) 

[0 0 6 5] tmmmi 6] 

-2, 2' hfX (tX (3, 5-v-t-^ 

tf;i/T5>7. 4ml (0. 0 5 3mo 1 ) StfTHF 
4 0ml^te^) o (-5-Ot) TJfrSlT, 

I. 6 M n-y^'J?W33ml (0. 052 
mo 1) ^14^lTiTt, It3©«iaBftfc. & 
tCt:^ (3, 5?-t-^7ir;W ( (3, 4) 
-^^l/>v J ^-^r->^^n;i/) *X7^>t+yF15 
g (0. 0 2 6mol) ©THF12 0mLM*7t 
h>-H7^7^X;UIIT-4 01C$T^U _hffi 
SSSELfcLDASrfiST^, Mfc- 3 0 *C\ZT 1 RDflflKM* 

h;i/X>3 OmL^77Xnrt}:fcL 4SYt^n« 
8. 32g (0. 0 5 Imo 1 ) £ff-OBfO 



1 . 8Hz) 

: <5 3 2. 
(±) - 



0 

( (5, 



5 6- 



6) 



( 14 ) #[ffl2 000-16997 
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fcT— (fta»KJK**&. THF£MJBEfCT§55Lfc 
^> m{t^5 1 l/>2 0 0ml *Jjn*_fc 0 W$SJ1£2 0% 
4ftBf*j£?S 1 0 0 m 1 x 2 UK *100mlx3 IH«fe# 

TcrudeftH. 9g£f#fc„ 
>£0«B»fcfTl^ ^SI{b&#)7 
10 [0 0 6 6] JR* 5 0 % 
mp : 2 4 8 - 2 5 0t 
1 H-NMR (CDC 1 3 ) : 6 1. 
s) , 1 . 26 (3 6H, s), 5. 
J = 1 . 8Hz), 5. 6 7 (2H, 



. 7 2 g&#fc. 



2 1 (3 6H, 
0 9 (2H, d, 
d, J = 1 . 7H 



z) , 6. 67 (2H, dd, J=8. 1, 2. 2H 
z) , 6. 75 (2H, dd, J = 13. 8, 8. 1H 
z ) , 7. 4 4- 7. 5 0 (8H, m) , 7. 62 (4 
H, d d, J = 1 2. 8, 1 . 9Hz) 
31 P-NMR (CDC 1, ) : 6 3 1 . 6 
20 [0 0 6 7] [J©5£#y 1 7 ) ( (6, 6' ) -fcf** h 

*->tf7^— 2, 2* ->MJW tf 

^MSTF, -7 8ti:Ty7xZjI/ (3-*h3^>:7 
x-JW *X7^>*^>K0. 8 6g (2. 7 9mm 
ol) COTHFSmLglJ:, 0. 7N LDA-TH 
FM (4. 19mmol) 4 5^F«b 

fe 0 7 8°C^TH^ft^0. 7 g (4. 19mm 

oi) £jn^mwit#u sscsmkhl— 

^#5ATfif«*fTV^ aSft^O. 7 3g^{# 
&. 

5 % 



7D>h^-yW 
(72>5£IJ« teffl # 

(72)%0J# EAR? «S8 

W^iU®¥«rfTSA«— TS 4#11# ft 

— A(#%) 4H050 AA02 AC20 BA05 BA10 BA17 
BD70 WA15 WA26 



